We have measured the NBS electrical watt in SI units by comparing mechanical and electrical power. This measurement of the NBS watt, combined with a measurement of the NBS ohm, gives the NBS volt and ampere, as well as 2e/h, in SI units.
Introduction
In the International System of Units (SI), the electrical units are defined in such a way that the unit of electrical power, a volt-ampere, is identical to the mechanical unit of power, a newton-meterlsec, and each is called a watt. In the laboratory system of units, where the volt is defined in terms of the Josephson effect and the ohm is defined by the quantum Hall effect (or by reference to an artifact resistance standard) mechanical and electrical power are not necessarily equivalent.
Our experiment compares the laboratory electrical watt to the mechanical, SI watt.
It is, in effect, an electrical realization of the SI watt. The measurement is based on an idea first proposed by Kibble [l] .
Theory
Consider the circuit of where the integrals are taken over the same path and I, is the current measured at some reference point in that path.
The quantity Io/I(z) is called the "force profile"
since it describes how the force would vary if the current were held constant.
Experimental Procedure
The apparatus used to measure the quantities of Eq. ( 2 ) has been described in detail elsewhere [ 3 ] . The measurement is divided into three phases. In the "weighing" phase, the coil, suspended from one arm of a balance, is servoed to a specified fixed position by feedback to the current in the coil. We measure the change in current, I , , , required to maintain the coil position while a standard mass of 105 g is alternately removed and replaced. Five repetitions of this measurement over 35 minutes constitutes a set of "weighing" data.
In the "voltage" phase the coil is moved under servo control so as to produce a nominally constant, 20 mV, emf. The time and the deviations from the nominal voltage are measured at a set of about 3000 predetermined points along a 6 cm interval. From these measurements we calculate JEdt.
Typically, 10 round trips over the interval are recorded in about 20 minutes, forming one set of "voltage" measurements.
The third phase is the "force profile" measurement.
Here, the current change upon mass removal is measured as in the weighing phase, but the position of the coil is set to various points along the interval used for the voltage measurements. The The data of Fig. 2 are divided into three groups, with the separations indicated by arrows. After the first group, the alignment and position of the moveable coil was changed substantially; after the second group, the electrical configuration of the fixed coil system was changed so as to change the force profile substantially. Parameters such as air temperature, pressure and humidity changed substantially over the course of these measurements. Because of the changes in experimental parameters, the data provide checks for systematic errors related to those parameters. While the effect of additional systematic errors such as leakage currents, non-vertical forces and time constants for emf measurements have not been fully investigated, the reproducibility of the data indicates that will be determined to an accurarcy of better than 2 ppm (standard deviation) and K A or % to better than 1 ppm. Values of % and 2e/h will be given at the conference.
